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Abstract

This study is to test the possibility of applying the low-molecular weighted waste
cellulase, which is produced in the process of cellulase production, to paper making. After
experimenting on high-crystallized non-wood fibers with beating catalyst. I got the result
that the condition for the optimal effect is temperature 40~607C, the time 90min to 120min,
pH 5.0 to 6.0, the enzyme contents 0.3% and that the effect of beating such as slight
reduction of fiber viscosity, increase of water retention value(WRV) and shortening of
fiber length was increased with waste cellulase.

Through this process, the density, folding endurance, tensile strength and burst strength
of paper was remarkably increased, which is inferred to result from the increased
flexibility of fiber by individual characteristics of non-wood fiber, which was
high-crystallized by penetrated low-molecular weight cellulases in the fiber.
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Cellulose 23EAE Tt JAZ7E ZE 99 B2 48 BH8l= nYgEe &
F 32 dold Axd met gAI7F dgEA £XHE 5X4E& zZeth Whithaker $2
Cellulase A4t vl A 2o malr Myrothe Cium VerrucariaZ3-E] AJAHE 549 AL JFEA
2 2500, ©¥d 27 15AAMBE Trichoderma Viride25E AAE 549 A JFERS
80,000, @A A3 80A7MA TFd £2F BEES dAAVE e GuAR FAH lom,
olz Q&) 71d FHEAH EF o]F &4 B¥A ¢ty JARY HIA T wet AolstA Yehy
E e g

ES Wood 5ol mt2H o]9} Zro] Mabe &4+ Chromatography®ol 93} Sephadex Gel —
DEAE Sephadex — Ion exchange resins — Electrophoresis — Electro focusing ¥l u}&}
sRHoz AAY Ay Bed 479 54 9¥AL BAF 2IEA € 71E EEA ] v
He 54& e Aoz ek o 2 tYd ad dide] a3y EXEA S o438
FAAN AAMAE BEADANA Cellulased] 74 @A JR=7) BEE ZAs thakgh
Aol o] &3t e HAol

m2bx, B A7ode @A Ful E4 AAGAQ] (R e S HuixFe HA(EEA)
o] &3t& CellulaseZt HfrEHA Fatd dE9 AAE EXo2 3y ¢ g &4 gua
% Chromatography®¥ell 9s] #x13 E¥X X7} 20,000 o] @A g AEFAE o]felx, 2
AF X 20000 o139 HEAF EAE HeE WEHL Jv AHd FAesld, ol ARAF
TEEE Ze EARE AXNTAN SRR o8 7 gle WS AATGo2H, ALY NG
3 ool AT AFHAH NS T AFE A6 L9 ALy A FAFYE B5Ho
2 ot AAlstuz @t wEtA, AAFAHNA B AU E Anse a3 F 7 2R
2 HEAYF(Cotton) & YHEEZ AMBSHE stulAz FH HEgozN nqTHe Felsls
ol T dux B % F29 P4g yidistnxt ok AXTH F ndle 2L AR g
ZIAHQ AUAE B2 A WRE AEsled AF9 2 2 A3 AAYG 4/ R g
38 FEsto FolAEY ¥ #UX(formation ZH)E 7)3t1 Folo ZEE FAANL 23
o2 ANHE FAHOEN X Hid FEEY AASE A we gL duxE AEdE
T4 79 3ot} .

TOAF T Ade 2¥ 71 BT HEAGS 83 AFLE2N 5L FNREE 8F8E
AFoltt mata] AHAZE BEE 1PE E4S 2E AF4EM 224E, 2FHE, FAH
T EAE Ze HEA HdAhi F W(Cotton)HFH4AE YBE AMEE] fFd mIFTHY &
FHQA Fxo olg ¥ 7HAH, o2 A& FHohg Az 28 D 1 A9 Hrirw F R

AR 828 WEHT 5, 4929 249E Wardel 21319 glucosett Aol AnE Yo
Ao ghoz BRAY AR2R A ol JGoR Yaael 90% ool AFGIoe
F4Y WYL F$ 13Y F AN AUAY Weo] FoldtA RY Aoz ArHn, o)z
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Al Frigk ma) AR AR tiEo] ARAA af AR ZdHY] o o2 Badr)
kA, ol o] AL E zte WHZ YA AV AL CellulaseE AEst 2As& S
AstA P o2 Azt T3 o] nEHE FUAE F AS AR dFgh

Cowling 5& Cotton M4 2% AFEH Jd) 30A7A g 279 ¥9 F2E 7}
A9, o]F 2 10A 9] oY EEW%‘%% ztethal stk of&e] Whithaker® Cellulase®]
At 2717F A4 15AIA B0AZHA thekstA EX @t Bustgich debr, Eh YT Fol
HEARFRE HEHE A4FE 13 "é% Zte WA nsFgol Ao o] HS &
H2Q nFHe Fe7t 7he¥ ALoE JdEH AN mE RHAT S EHY ohE
a2 EHRE gl A% Had & é‘iﬁﬁf(WRV, AR )%k FolAFY AEWsE FHOE
THRAFoRHN HELFY ERVIAE VYUY EHo2 B AFE HAEnA 3t

2. Alg 2 9y

2.1 A=

211 HEA

(F) B A3l AP B Rl Aatse HupAF S8 (Textile Cleaning Agent)8] A4+
A F Gel-filtration Wlel] & HEz WFEHe ARAFE ZAM. W. 20,000 ©3l, CMC
Activity 40)8 A EAE AMEE YT
212 A¥=

WA § FA £ Y v GRS 2 HF4E 235 o sheet 402 A
Z¥ Cotton Linter Pulpg 982 A&-3t4r)

22 AW

22.1 BAA¢
Sheet 9] B2 & A #o| Acetic buffer&}(pH 4.8)& ©l8 10% T2 38 ¥ 50C &
TRAM T ZAAYE ¥ F 1AL FX NN F udE AAEh

222 1 3
Valley beaterZ ©]-& TAPPI Standard T 200 H2jd] u}a} A A3t

223 WRV &34

44 Be7|E ol & A BE €4 FEY 3000g, 2= 211TA 1587 94£3 A7 F 4
AEe] Fo ARFAS 2T T ARTFAE o183t 4 1-1 s HH9 B84 gL AN
s
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W - W
4
o714 W1 = Oven-dry pulp weight after centrifuging, g

W2 = Wet-pulp weight after centrifuging, g

WRV = X100 (1-1)

224 AHZE EESFA

#2328 ¥ 300ml, CSF2 231¥ A28 Kajaani FS-100€ o] 43t A543 £X& 43
ov A& EXWEE fo|3tA #A37] Y8 Immol3dt, 1~2mm, 2mm o]} g FHe 4%
st FZhe) ke kst FA w2 SAbstgh

225 &AA9 Activity &3

1% CMC £ 05ml$} 1M acetate buffer solution 0.4ml& £33 ¥ 50C & FHA 2%
7 walsted WA A7 F HHY &k 4L 0lml Frhehe] 3087 xANLS A7 ¥ A4 @
@o] Fg glucoseE EFEEE § DNS ol wet ZAstch

dg

226 FAIAAERE #HP

ANBE ogte A=z B o) 447 & AFAZWA(400mm Hg, 60T)S.2 X F Ion
Sputter Coater E 5200CE o| &3l FEF(18mA, 220sec)E &1 FAPAAAW (Cambridge
Instrument Stereoscanl00)& o] &3te] A& ZHAMZE 0ToA 23 AALS FFeGT
227 Afe A=Ws

TAPPI Standard T230 Om-82, Capillary Viscometer ol Fdld AA3IH oM,
Viscometers Cannon type Size number 150-% ©]-&3}5th.

3. 2% R n&

A HMalz=d dF

axde HHFE Y3 &%, pH, Az 2AE AAEY] 913 CMC(Carboxy Methyl
Cellulose)& 7|22 3}04 Z}zbe] z7A wigle] W iAo grpastE #AESYL

311 2428 254 W& Activity ¥

Eae g7 BA2N YHLEE0T) ool T4 wuae duyd g8 1 7%l 4
aab Aoz LAAUT WA, FolAZE TA Fol A4LE o848 FSlE $¥BHAA Y
2 EAMSo) 1YY Ao Jdss, ARIF(AZFPANE A2TY 3 AYIE ¥& 9
<12 ol e)a) gulael WaoR Qs 2 4ol W8 Aoz JlgEh wetd, K27t 7}
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T FHY 934 T RHTAHAA HAH9 Lx2AL XA A3 20T ~60T EHANMY
<ERs A4 BA4E 3E FAT 2AE Figld 20k ¥ix3 ALPH(20~30T)d e &4
9 BAE g TP 32X Fod, L& 40T o4 HHdAE IA Frteke A%E e,
SE50TCHAA 7 2 84 @& Uehlle Ro2 vehdt) o9 2 Ao dirAQ 249 F

A 2E @ FAE FEE BT
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Fig.1 Change of cellulase activity at different temperature

312 E4xe pHoll & Activity ¥ 3}

ditzes a4 AAE vAEY wE 33 pHYE tE EA4& JelAgr) Cellulase
%o] 43k Trichoderma% 9] v|BEEL Fungi FEA4 0|59 HA pHEYE FHAoA AF
Aeld BXate Jlo] dwkEQl Ao\t webd, B QAo ALSH &4 E§ T. Virideol A &
Bl AAFEA g MM HA pHES 71 Aeg sgdch

Al Folg Azst= FHEC] YREE FA pHEYAA L9=E S 7oste] AdH oA
FEH AU oj2= pHEMAM Y 43 w3g B33 A9E Fig2d 2tk 2gdA BE
ol o] ALE FIANAM FA Wl AA FEAE pH WS #E AL AF 4 Jdgoen &
8 pH 50~6.08 A 7H4 & 8438 Yetdm gl

b, A4 Tl AATHE v Rst A HEE Az 22 FH] pH 6.0~7.0H] oA
TEHI e HE AAE 0 o] 49 HE A ¥x pHEA Qo AHEo] 758 RO o
g0 o9t 22 ZHAEL 3 Fo| Cellulase? H3 pH AAd 8¢ AAST A B U
B gleg 28 + A
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Fig.2 Change of cellulase activity at different pH

313 EAAY Aol & Activity ¥3}

2AFH 3 584 £4AY AAE 4FA] Aa Bx VA B Arkgte) WE ¥
2o, SheetHlel BEE 2 shef Lalsk #¥IAE AH AzBR ol2ed sedE
N7 maBRe] 2R5E AR Aol mek thael Aol Yo, Refinerd olgatol naE
ANSE QB Fo| AZFRY B 24 ol Agto] 228 Ao lFHT Wl
2245 NEALGE QR Aee] DYEAS AxHE THY ANEA AZTHE 2
51340l Beater& o|837] WEo] aAZHAML 2N olel Alttel £REW, FHIH A

A Aol wel A olde] AlZte] 289 Aoz dFdn

mebA, £ APl ol 22 A}E neste] Hd HEARE 14N 3ARE Abolg) wEEA]
4 Ukt H5E BRFgeEA HAY AxANE AXNE ARG FAA HEAYFE Bt
Agd TEAFA Fol E2E A2AT B$ Eh B Frhe] e FHHY 8AHFE B
stuz & FHoz AAHT

Fig 3ol A9 o] a2x2] ¥ 908 %7 AHdAM 84gto] Huo =&ste & #UT +
ARom, o|F whgAIzke) Aol e A ASALL FAHA A WA, AL H
2A AHag st AW AZEY 3 nsFH) ZAE AciE Ax WA Ao
of e ¥RAQ A e A ¥ Ao AGH
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Fig.3 Change of cellulase activity at different reaction time
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32 E4xel xd¥ 1

Fol AxTA T 1AL & WAANE & 1AM UAE AF WFE AP ZA
Hid Wie) e fEste] Hfd BEE F3 FA4 S FRAIAY ARl 2
Hol =% F-H9 o AF JFHS dAfst #Fo2N Folo AP FIHE FUAI T, F
ol 2 AEEZE FINE FHoE AAd. 0|9 2L AR¥e dl(HFY FEN F,

GHFEHE AFHOE Ao F e PPoRe 1YY JAA 20¥Y(2E7]) g9 23 o
=24 Sl A% s 13 219 (IS, pH, 2% 24 )9 Lol o) Ao &
FE7} 7hs st 131]%1] AzgA s 2ol 1A HEALFE 482 AHB3tE Bfole o
o 22 7129 ¥ & T 13 Aozt F3] AP, |2 A XA n B R
FA4 S, @H4FHE 71d 3717t o8& oz dddn

mehA, £ dolMde ZLAVHAE olfdtd AR R AAE FES F uHaARE BF)
s drstsion, AR EaA2dE A 2ATH F H4EHE SUAE BHoz
AaAE, ALAYRE, AANEATE FHsey] A8 AAssh

g
>

321 EA&AE v=¥ 1z g

A2 WEE Zaddd Azt 1AEHe FAsle 5 S fEdE 7)d AL
7HA B, o] 2 13 5*4 A wE 7149 N EYE 4 018}711 UeptA g &, 549
Aol a2 Ffoe 714 AT AFol g oFz, W BT FLoE A
&9 AYell o) 71do ARG BEAY B ¥ AF EAAE 290z FgH
Aoz godn metA, AHHQ BAaHe S By 3 aoAE Fr2d 1= s B
A3 Ak Figdst 2ok o7ldA 01% E2x89 A¢E 5087 18 F 453z Wil 2
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He) Alzol ¥3) 20ml, CSF At 23 RAe BAE + AU, o) A¢E AL AFY 7
Ao 9% Anz ddso] o

wee] 03% TAANTY AL 508 1E F AFEghe] Wzt FA AEd 6]
120ml, CSF Aats Aoz n|Fo] AP TAY ¥l o8 nAASE vEA His Wi
Sgwas $59 3 najgtesy nladst FUE 202 43k F 549 W3 g8 A
S e ARGAY o] o] 2R F mafol &) IAH oA Ade] FXE ARZ I
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2 Aoz wugr) o9 e el TAZ 13 279 A5 e F/HEEGE DI FRY o5
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Fig.4 Effect of freeness at different contents of waste cellulase (Temp. 50T, reaction time 120min)
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Fig5 Effect of freeness at different reaction temperature of waste cellulase
(enzyme contents 0.3%, reaction time 120min)
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Fig.6 Effect of freeness at different reaction time of waste cellulase
(Temp. 50C, enzyme contents 0.3%)

3 Zaxelo ofe M7 SdHE

n2AE HEA Airae asTAEd é% F BE¥9 GGt € Aid Uiy gBds
o o3 A Fodo FAE ARG U, A2RaTH F ANEE HEAFY A vy
QA7) 7} e ARAF BEEZ dulldzA ]Ea- AA2FY AFE UR AR G4, o2
olg) nAANE B9 v AN} FEE AR =) olg £ HRFA WREMNAEHE 1
HEHE 2AAZ F e e Agd Hoz AoHw, o2 A HFF FXY dHFF
2 A6 fdAel g Ao g o9 22 By ZAZE Cowling 0] 22434
Cotton 5& AG4EHA A 30A =279 AX¥ EZARE 7HA31 glen, Whithaker °I
Cellulose® £33t a9 2% vulde dx a7|7h H& 15AX45FH Hdl 80A 744 34
93tA 2Exdtin & AgoME & 4 Utk Nisizawaol oJ&td Fidl AT HFd 715
B #x2 22399 (Para Crystalline region) 2 8274 4% (amorphous region)o|A] &4
74Es7F WA Yoy olojq AAstE JH(Crystalline region)ol| A 8] 7HeE3flol & A
A9 2T A3t L AR dojdtie F40 AR Bl 7Hed AoR Algd

e, B AgelAe 1248E 85 ARart AEAF AAAF 4T WF FH3E
gode] Aol o]Fojn Fo| mHAAE FU37] Y3 HFad KIS Hrlste A EY WRV
%A °4 ZUSE WM £ Qe AE W3 2 A8 BEY 2R AEE #Ud) AR
A4 B¥ WsE BEgoN goxdd B nHfERE AstLA A A

ol
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3.3.1 WRV(Water Retention Value)
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FAFE FAAA A2 WRe 9EY 3 F4243%S 9oz B #4589 2uAH
Afrae] B FEH7] g2 o F94 Z7te o]2 A% WRVE 7914 H7] gE
of Aol Tald A FolAz A FEE A3 § Ut FS ANEHOE o] §PTh Fig7
Aot Zo] Tkl WRVS Hste a44e)g & A8 E4HE 8x @ Aagd 437
g e Aolg #AAF + YAk

axxeel s aejrzte] F7HE +8 WRVY F4¢ Z/184€ A% & s, o9
22 ARE T AxAA AF HHA WEAFe] Enoz JYHAL, o2 A& nE
37t Fdd 23z wddd.

Ao T2 A8 F4E 87k Aol w2t WRV ZF71Eo] vjujg Ao wFo| Ko}
Afra Wie 12488 3 234 137t dojux] e Ao AYET o2 A Hh
94 U7t FEEA &L Aoz dFdn
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Beating Time

| BContro fiber @Waste Celluase treated fiber

Fig.7 Effect of water retention value(WRV) with the waste cellulase in the beating process
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e AEE YFLE TAHE Cellulosed FHEES o2y 3 Aae Fegr} duky
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A5tE Frkshe MY Astdyel HAHH, ols ge AstAYe nart
A% BAY § U oleF AH2 vFo] ALLFI 2

Cellulose B AAE Fxdtn ojsh 2L Aawtgo] AHERE AT
e A2 238 Fold A FHAME #
T+ 1723 B 5 AFLa2A B il v
& 453 =& FEgs MR He AAEd maXedd A% 7% HEY HER Aste o2
Aol 794 FHaATE FIPHd Fold Fx Fbde= 298 aAHeE A8 AeE I

&5 S ARrart Ze FERETE, FD)H a3 AT 79
FaE F= ol A% AFT HE Zedtel adHoz Fuid o Folo FE7 S/HEY 2L 3
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a
)
i
‘B
0
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R
>
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Fig.8 Change of fiber viscosity with waste cellulase in the beating process
333 AH7 EX
2HE AHFH9 FHEo] 1FHV|E T 4EFHE YFURE AL THOZ o2 A%
Afe w94 Zos dEo] HR Age FAd utetA ok wakA, najrt 3%E F£E A
= ST 250 A S0] Fukste W A K v &L AdEHA He E4E #
vt 2eY 2ZASE vE2AQAMEGY 73S Fig99 Control AFoA BE wigl Zo] A3

2mm o|g¢e FAf vl gol 37%2 238 7P A Webdd, Imm olste] G fEEL 28% 2
7V @A e 548 2tk ot e ZAFAE njFo] Fo] ARA LYY #dA ] 7|
5] g e, ol2 & Folo formation A3 R Fo|FES BEFALE 23 FolAF
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o} F48 A3r7lE 89lo] € Ao wddrt

a8y, Z4He A8 A9E og & ARY 22X EFYAGe] SiAH 2mm ol A
F £X7F18%E HA8H D vHdZ 1mm ol3 GAF EXE 42%2 A S 2E F9E Y
g 4 ANed, o9 e Ays A MF2e nald] % HAA BEFH fAG AHE
A ghxee o8 najrt Aoz Y ARE AP} o2 & Fo] AF AYAYA
o 47 ofge] FolATe wUA FHHoz F4d Fog wodn

lessthan iImm  1-2mm more than
2mm

Fiber length
| O Control fiber @ Weste Cellulase treated ficer |

Fig.9 Fiber length distribution with waste cellulase treatment

34 &0|2f Zxw3l

Page 5o WE2W Fol9 Z=E Edle AFFES 2 Afa AA 2= nsfd o
A frdd SUE ddEHE A4 L Zd"?}’o’iﬂ 43 e 24 /g0 dd. we
A, 2FE A& AxE7] AdME FEEL 2L F ARE AARE & HR4AE 952
AHgelol 32 28 HAY At fxol «Iﬂ Afrad F94 TUE 282 g a3y

a9 73%’— A HEA ARLEEA ol Afas FaAHFd v 2H9Y

EqEF 2HBE 50~60%, HIEALR ZASE 80~90%) webA,

A3ste wEA HAf J.QI A& adel A Y3 X9 SRS ok dFae Ui g

g3 7o A £94 FUHE ZdErlde dA8E Za Yot o2 U HEA HHiE K

B2 AMESHE ol AF dfa AAF=g ARat AAEY wiRe] dFsee A¥e Y
BhiEz Al FolBed F7HE 7Itey] ofelE dAelrt

ojg} &L olfE U Fol AF F MY =2 AE@E 87 AWHERY AE, Fol AT
A T AEIHE BHo2 d9Ed WA THE a7 Hol, A= FUA o3 A&
A9 FAE AsATle 8oz ZEeA gt wakA, B dFME o9 e BAYY 29%
FHA AR 1 E FEdte] Mo S BT BHoz HELE 1) REAZ g
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gatgen, ol dE FolFE F/HAAE Tableld 2t

Table.1 Effect of paper physical properties with waste cellulase treatment

Density Tensile Strength Folding Burst Strength
Cellulase (@/m) (Kg/15mm) Endurance (Kg)
g (MIT - 31/Kg)
none treatment 061 77 900 6.8
Waste Cellulase 067 86 3,000 76
treatment

FolM HE upe} Zo] 4 E AYsA] &2 7|E9] WAo njd) HEALFE Y3 A
Egtol 06lg/cnolA 067g/ci 2 F7Hete Ao v|Fo] Hfo FdA4 Fdd g A
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Photo. 1 Scanning electron micrographs of refined cotton linter fiber surface treated with

waste celluase

A. control B. waste cellulase treated fiber
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